If the multiple forms of glutathione S-transferase arise solely as a result of non-enzymic deamidation (the process suggested to be operative in the case of human liver), then every rat tissue should contain the same forms in the same proportions. We have therefore analysed the forms in rat liver, kidney, spleen, brain and testis by CM-cellulose chromatography at pH6.7 after first removing acidic proteins by passage through DEAEcellulose at pH7.2. By using the liver chromatogram as a reference (with haemoglobin subforms as internal standards), we identified glutathione S-transferases B and AA in kidney (they co-chromatograph with the liver forms), C, A and AA in testis and only low activities of AA in spleen. These results are clearly not consistent with non-enzymic deamidation playing a major role in the origin of these multiple forms. Interestingly, brain contains virtually no glutathfone S-transferase activity. It remains to be seen if this absence of protective binding protein(s) relates to the known susceptibility of this tissue to bind toxic amounts of bilirubin. Prolonged dialysis after passing cytosol through DEAE-cellulose at pH7.2 did not increase activity in those tissues with low glutathione S-transferase activity (brain and spleen), neither did it effect the elution profile of liver or kidney cytosol on CM-cellulose chromatography, suggesting that differential binding of physiologically important ligands is not responsible for the observed multiple forms or the low activity seen in brain, spleen, muscle or adipose tissue.
The tubes of material corresponding to the peaks of activity of the rat liver forms C, B, A and AA resolved by CM-cellulose chromatography were analysed by sodium dodecyl sulphate/ polyacrylamide-gel electrophoresis using the system of Maizel (1971) as modified by Thomas (1978) . Bands corresponding to subunit mol.wts of 24000, 21500 and 19500 were tentatively identified as subunits c, b and a (using the terminology of Bass et al., 1977) , as shown in Fig. l(a) . Further purification of forms C, B, A and AA on Sephadex G-100 (which exhibited elution volumes corresponding to mol.wts of 44000, 43000,40000 and 55 OOO respectively) resulted in highly purified preparations composed only of these three subunits (Fig. lb) . There is some overlap of the forms during CM-cellulose chromatography; however, forms A and C are similar in that they appear to be dimers of b-type subunits. The posession of the same immunological determinants by these two forms (Habig et al., 1974a; Guthenberg & Mannervik, 1979 ) is consistent with this observation. The fact that they are separable by CM-cellulose chromatography indicates some difference between the subunits, and this aspect requires further study. Glutathione S-transferase B is a heterodimer composed of subunits a and c in accord with Hayes et al. (1979) , whereas form AA appears to be the cc-homodimer postulated by Hayes et al. (1 979).
An attractive scheme to account for the origin of the multiple forms of the glutathione S-transferases in rat liver might be that there is only one gene product (c) and that two proteolytic cleavages, e.g. c + b +a, could then result in the dimeric forms, cc, cb, ca, bb, ba and aa. Unfortunately there is no evidence for bc or ba heterodimers in the present or in previous work (Bass et al., 1977; Hayes et al., 1979) . In the absence of definitive data about the subunit compositions of forms D and E. the relationship between the glutathione S-transferases requires further consideration. Bacterial consortia from anoxic environments can be adapted for the methanogenic fermentation of many naturally occurring aromatic compounds except the lignin and tannin polymers. These may be repeatedly subcultured into a mineral-salts medium (Ferry & Wolfe, 1976) containing a single aromatic substrate as the main source of organic carbon, provided strict anaerobiosis is maintained by using an initial gas-phase mixture of composition CO,/H, (1:4). When such crltures are incubated at 37OC they attain a brisk steady state, with the yield of fermentation gases (mainly methane and CO,) approximating to that expected from the substrate utilized. Intermediates that participate in the food chain can often be identified by a chemical examination of the culture fluid and, through the use of labelled compounds, their sequence can be determined.
Methanogenic cultures metabolizing protocatechuate, vanillate, piperonylate, ferulate or D-catechin transiently produced catechol as an intermediate; phenol, cyclohexanol. cyclohexanone, adipate, succinate, propionate, and acetate were also detected in these culture fluids, along with some early intermediary metabolites. A separate catechol-adapted methanogenic culture similarly gave rise to phenol, along with the other detected members of this pathway (Balba & Evans, 1977 . These results suggest that catechol is dehydroxylated to phenol during its metabolism under anaerobic conditions.
Catechol-utilizing methanogenic cultures (2 litres, 37OC) were fed weekly by withdrawing culture fluid (400ml) and replacing it with the same volume of mineral-salts medium containing 5 mM of fresh substrate, by using the anaerobic apparatus and techniques previously described (Balba, 1978) . A portion of culture fluid (250ml) was sampled periodically, saturated with NaCI, adjusted to pH 8 and continuously extracted with diethyl ether for 2 days. The dried ether extracts were evaporated to a small volume and subjected to t. (trimethylsily1)trifluoracetamide and trimethylchlorosilane for 30min at 90° C and the trimethylsilyl derivative injected into a Pye 104 chromatograph fitted with a glass column packed with 4% OV 255 on Chromosorb WHP and a flame-ionization detector. A programming control system with an initial oven temperature of 100°C increasing by 6OC/min and N, (30ml/min.) as carrier gas was used. A peak with a retention time of 9.2min, identical with that given in this system by authentic trimethylsilyl ester of cis-benzenediol. was obtained.
Pseudomonas putida (strain 39/D) cells were grown in glucose/mineral-salts medium and adapted to metabolize toluene, as described by Gibson et al. (1968) . These were incubated with IU-'*C lbenzene (SOpCi; specific radioactivity 100mCi/mmol) in phosphate buffer (2OOml,0.05 M, pH 7.2) and the U.V. spectrogram of the culture fluid monitored. When the maximum amount of cis-benzenediol and catechol had been formed, the culture was worked up; it afforded labelled samples of these metabolites, which were separated and purified by t.1.c. They were also checked by g.1.c. and their radioactivities measured in a Philips liquid-scintillation counter. These biologically prepared specimens of ci~-IU-'~C1benzenediol ( 1 SpCi) and catechol (20pCi) were introduced into separate catechol-metabolizing methanogenic cultures. Samples of culture fluid (250ml) were withdrawn periodically (after 3,6 and 12 h) and their neutral and acidic ether extracts examined by t.1.c. and g.1.c. (using a 504 Radiogas Detector; ESI Nuclear, Redhill, Surrey, U.K.). Radioactive phenol was formed in both cultures and then disappeared with time. A control experiment, where radioactive samples of cis-benzenediol and catechol were incubated separately in autoclaved cultures under similar conditions, showed that no labelled phenol was contained in the neutral ether extracts. In view of the known facile conversion of cis-benzenediol into phenol under acidic conditions, this result is of crucial importance.
A catechol-adapted methanogenic culture metabolized phenol without a lag period. IU-*4C1Phenol (30pCi: specific radioactivity 35mCi/mmol) was added to such a culture (2 litres, 37OC) and samples of culture fluid (250ml) withdrawn after 3 , 6 and 12h. Their neutral ether extracts on examination by g.1.c. gave labelled cyclohexanone and 2-hydroxycyclohexanone; the identity of these were confirmed by t.1.c. of their 2,4-dinitrophenylhydrazones. G.1.c. of the methylated acidic ether extracts (diazomethane) gave peaks corresponding to the methyl esters of adipate, succinate, propionate and acetate. These were confirmed by radioautography of t.1.c. plates after chromatography of the acids and their hydroxamates, as described by Balba & Evans (1977) . These results provide unequivocal evidence for the participation of cis-benzenediol in the methanogenic fermentation pathway of catechol through phenol and the reductive route, as illustrated in Scheme 1. We had previously shown the dehydroxylation of the monohydroxybenzoates to benzoate in their methanogenic cultures .
Elimination of hydroxyl substituents from the aromatic nucleus appears to be a frequent reaction in microbial systems under anaerobic conditions-probably through the action of a reductase followed by a dehydratase. It was first observed during the mammalian metabolism of certain plant phenolics by Scheline et al. (1960) through the action of the intestinal flora. Subsequently, Perez-Silva et al. (1966) showed that pseudomonad-type bacteria from rat faeces dehydroxylated caffeate anaerobically to give m-hydroxyphenylpropionate and mcoumarate.
